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479; YxC+RBD) by deleting the coding sequence for residues . A E152Q mutation expected to impair ATP hydrolysis was introduced into expression plasmids for YxiN and YxCat using the QuikChange mutagenesis protocol (Stratagene). All proteins were expressed and purified as described previously for wild type YxiN and YxCat (1) . YxiN and YxCat showed a significant propensity to aggregate in the absence of MgATP or nonhydrolyzable ATP analogs.
YxiN and YxCat wild type and E152Q mutant proteins were stored at 4 °C with 5 mM ATP present or else precipitated with (NH 4 ) 2 SO 4 since freezing and thawing results in precipitation; the YxC+RBD and RBD fragments were stored frozen at -80 °C.
SAXS experiments
For data collection, protein samples were dialyzed versus "SAXS buffer" consisting of 10 mM MOPS pH 7.0, 100 mM NaCl, and reducing agent (1 mM dithiothreitol (DTT) or 7 mM beta-mercaptoethanol). During the first data collection session, 1% glycerol was identified as a All data were recorded on two-dimensional CCD detectors and radially averaged with beamlinespecific software to produce one-dimensional histograms, generally referred to as scattering curves, of intensity versus scattering angle. Corresponding to each protein sample, data were collected on a buffer sample under identical experimental conditions, providing a background scattering curve. A series of scattering curves were collected for each sample, and outlier curves were discarded. The remaining curves were averaged, and the average buffer scattering curve was subtracted from the average protein scattering curve using beamline-specific software.
The first data were collected on APS beamline 12-ID-C. Experimental parameters were: 
SAXS data analysis and modeling
Following beamline-specific data reduction, the scattering data were analyzed with the -5 -background-subtracted scattering curves collected at different concentrations were initially analyzed separately; R g values were computed initially from Guinier plots (3). Subsequently, scattering curves measured at different protein concentrations were merged using the program PRIMUS (4); low-angle data from lower concentrations that minimized protein aggregation were merged with data from higher protein concentrations that had higher signal to noise at high angles. Distance distribution functions ("P(r)") were computed as the Fourier transform of the scattering data using the program GNOM (5; 6). The best value for d max was determined with GNOM by trying a range of values and finding what value gave the best fit to the scattering curve when the P(r) function was back-transformed ( Figure S1 ). R g values were computed from the P(r) function. Standard deviations of the values of R g computed in this manner ranged 0.02-0.13 Å; they reflect the signal-to-noise in the scattering data. However, in the computational procedure, the values of R g are correlated with the values chosen for d max (7) . Hence, R g 's were computed for a range of d max values, typically ±5 Å from the optimal value, and the standard deviation of the corresponding R g values was computed; these range 0.1-0.7 Å. These standard deviations, which are one representation of the uncertainty in the accuracy of the R g values, are reported in Table 1 of the main text.
For modeling low resolution solution structures, molecular shapes were computed with the program DAMMIN (8) . Ten runs were performed to verify the stability of the solution and the structures were averaged by DAMAVER (9) .
As an alternative approach for modeling the solution structures, the assembly and rigid body refinement of multiple domains of YxiN, YxCat and YxC+RBD was performed using the programs SASREF and BUNCH (10). The crystallographic coordinates of the amino-terminal domain of eIF4A (PDB ID 1QVA) which is 38% identical in amino acid sequence to the YxiN solution structure Wang et al.
-6 -corresponding domain of YxiN (the structure of which has not been solved), and the second and third domains of YxiN (PDB ID 2HJV and 2G0C respectively), were used. For qualitative/visual comparison of the two modeling results, the molecular models from SASREF and BUNCH were placed manually in the envelopes of the molecular shape results from DAMMIN ( Figures 2D-F, main text) .
Finally, an Ensemble Optimization Method (EOM) (11) was used to generate assemblies of structures in which the domains were connected with flexible linkers, and to select ensembles The methodologies for generating molecular shapes with DAMMIN, optimizing the relative orientations of domains with SASREF, and selecting ensembles of models with EOM were tested by generating hypothetical scattering data from the crystallographic coordinates of full-length eIF4A (PDB ID 1FUU), which has two domains in a dumbbell configuration, and from assemblies of domains of YxiN. The scattering curves were computed from the crystallographic coordinates using the program CRYSOL (12); multiple scattering curves were generated and averaged to synthesize ensemble scattering data for testing the program EOM (11) . It was found that for the YxiN system, the EOM results are biased toward having a higher frequency of maximally extended conformations than are present in the initial ensemble of structures. 
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